NMR charts of all coumarin derivatives 3Aa-3Ap, 3Ba-3Ea, and 4Aa-9Aa, and X-ray analytical data of 3Da
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Experimental section for compounds 3 and 4Aa-9Aa ------------------S1-S10 1 H NMR and 13 C NMR spectra of compounds 3 and 4Aa-9Aa -------S11-S36 1 H NMR spectra were measured on 400 MHz spectrometers. Chemical shifts were recorded as follows: chemical shift in ppm from internal tetramethylsilane on the  scale, multiplicity (s = singlet; d = doublet; t = triplet; q = quartet; m = multiplet; br = broad), coupling constant (Hz), integration, and assignment. 13 C NMR spectra were measured on 100 MHz spectrometers. Chemical shifts were recorded in ppm from the solvent resonance employed as the internal standard (deuterochloroform at 77.0 ppm).
Characteristic peaks in the infrared (IR) spectra were recorded in wave number, cm −1 .
High-resolution mass spectra were recorded by Thermo Fisher Scientific Exactive
Orbitrap mass spectrometers. Melting points were uncorrected. Thin-layer chromatography (TLC) was performed using 0.25 mm silica gel plates (60F-254). The products were purified by column chromatography on neutral silica gel 60N (63-210 mesh).
Typical procedure for the one-pot conversion of 3-aryl-2-propynoic acids 1 into

4-aryl-3-bromocoumarins 3
To a mixture of 3-phenyl-2-propynoic acid (1a, 0.5 mmol, 73.1 mg), CuCl (5 mol %, 2.5 mg), and K 2 CO 3 (0.25 mmol, 34.6 mg) in CH 2 Cl 2 (7.5 mL) was added diphenyliodonium trifluoromethanesulfonate (0.5 mmol, 215.1 mg). The flask was flushed with argon gas, and then the obtained mixture was stirred for 3 h at 50 °C. The solvent was removed, and TBAB (1.0 mmol, 322.4 mg), Na 2 S 2 O 8 (1.0 mmol, 238.1 mg), and DCE/H 2 O (1:1, 5.0 mL) were added to the residue. The obtained mixture was stirred for 19 h at 90 °C. Water (5.0 mL) was added to the reaction mixture and the product was extracted with CHCl 3 (15 mL × 3). The organic layer was dried over Na 2 SO 4 . After removal of the solvent under reduced pressure, the residue was purified by silica-gel column chromatography (eluent: n-hexane/EtOAc = 9:1) to give 3-bromo-4-phenylcoumarin (3Aa, 81.5 mg, 54% yield). 
3-Bromo-4-phenylcoumarin (3Aa)
Preparation of 4-phenylcoumarin (4Aa)
To a mixture of 3-bromo-4-phenylcoumarin (3Aa, 0.5 mmol, 150.6 mg) in EtOH (7.5 mL) was added Zn powder (5 mmol, 363.3 mg). Under argon atmosphere, the obtained mixture was stirred for 16 h at refluxing temperature. The cooled mixture was filtered through celite, and then the filtrate was concentrated under reduced pressure. The residue was purified by column chromatography on silica gel (eluent: n-hexane/AcOEt = 9:1) to afford 4-phenylcoumarin (4Aa, 89.9 mg, 81% yield). 
4-Phenylcoumarin (4Aa)
3
Preparation of 4-phenyl-3-(4'-methylbenzenesulfenyl)coumarin (5Aa)
To a mixture of 3-bromo-4-phenylcoumarin (3Aa, 0.5 mmol, 150.6 mg) and K 2 CO 3 (1.5 mmol, 103.7 mg), CuI (0.010 mmol, 9.6 mg), and DMEDA (0.020 mmol, 10μL) in S8 toluene (2.0 mL) was added p-toluenethiol (1.2 mmol, 74.6 mg). Under argon atmosphere, the obtained mixture was stirred for 2 h at 135 °C. Saturated NaHCO 3 aqueous solution (5.0 mL) was added to the reaction mixture, and the product was extracted with CHCl 3 (15 mL × 3). The organic layer was dried over Na 2 SO 4 . After removal of the solvent under reduced pressure, the residue was purified by silica-gel column chromatography (eluent: n-hexane/EtOAc = 9:1) to give 4-phenyl-3-(4'-methylbenzenesulfenyl)coumarin (5Aa, 106.6 mg, 62% yield). 
4-Phenyl-3-(4'-methylbenzenesulfenyl)coumarin (5Aa):
Preparation of 3-(4'-methoxybenzoylamino)-4-phenylcoumarin (6Aa)
To a mixture of 3-bromo-4-phenylcoumarin (3Aa, 0.5 mmol, 150.6 mg) and K 2 CO 3 (1.5 mmol, 103.7 mg), CuI (0.010 mmol, 9.6 mg), and DMEDA (0.020 mmol, 10μL) in toluene (2.0 mL) was added p-methoxybenzamide (1.2 mmol, 90.7 mg). Under argon atmosphere, the obtained mixture was stirred for 2 h at 135 °C. Saturated NaHCO 3 aqueous solution (5.0 mL) was added to the reaction mixture, and the product was extracted with CHCl 3 (15 mL × 3). The organic layer was dried over Na 2 SO 4 . The organic layer was dried over Na 2 SO 4 . After removal of the solvent under reduced pressure, the residue was purified by silica-gel column chromatography (eluent: n-hexane/EtOAc = 1:1) to give N-(4'-phenylcoumarin-3'-yl)-4-methoxybenzamide (6Aa, 95.2 mg, 51% yield). 
3-(4'-Methoxybenzoylamino)-4-phenylcoumarin (6Aa):
Preparation of 4-phenyl-3-(phenylethynyl)coumarin (8Aa)
To a mixture of 3-bromo-4-phenylcoumarin (3Aa, 0.5 mmol, 150.6 mg) and CuI (0.010 mmol, 1.9 mg) and PdCl 2 (PPh 3 ) 2 (0.010 mmol, 7.0 mg) in Et 3 N (2.5 mL) was added ethynylbenzene (0.6 mmol, 66 μL). Under argon atmosphere, the obtained mixture was stirred for 3 h at 60 °C. Water (2.5 mL) was added to the reaction mixture, and the product was extracted with EtOAc (15 mL × 3), and washed with brine (15 mL). The organic layer was dried over Na 2 SO 4 . After removal of the solvent under reduced pressure, the residue was purified by silica-gel column chromatography (eluent:
n-hexane:EtOAc = 9:1) to give 4-phenyl-3-(phenylethynyl)coumarin (8Aa, 96.4 mg, 60% yield). 
4-Phenyl
Preparation of 3,4-diphenylcoumarin (9Aa)
To a mixture of 3-bromo-4-phenylcoumarin (3Aa, 0.5 mmol, 150.6 mg) and PhB(OH) 2 (1.0 mmol, 121.9 mg) in DMF (10 mL) was added PdCl 2 (PPh 3 ) 2 (0.025 mmol, 17.5 mg).
Under the argon atmosphere, the obtained mixture was stirred for 30 min at room temperature. Then, K 2 CO 3 (1.0 mmol, 138.2 mg) in H 2 O (2 mL) was added to the mixture, and the obtained mixture was stirred for 1.5 h at 60 °C. Water (5 mL) was added to the reaction mixture, and the product was extracted with CH 2 Cl 2 (15 mL × 3), and washed with brine (15 mL × 2). The organic layer was dried over Na 2 SO 4 . After removal of the solvent under reduced pressure, the residue was purified by silica-gel column chromatography (eluent: n-hexane/EtOAc = 9:1) to give 3,4-diphenylcoumarin (9Aa, 113.7 mg, 76% yield). 
3,4-Diphenylcoumarin
